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assemblages in tropical and subtropical harbours
MARINA O. FERNANDEZ1*, SERGIO A. NAVARRETE2 & ANTONIO C. MARQUES1,3
1Departamento de Zoologia, Instituto de Biociências, Universidade de São Paulo, São Paulo, Brazil, 2Estación Costera de
Investigaciones Marinas, Las Cruces, and Center for Marine Conservation, Pontificia Universidad Católica de Chile,
Santiago, Chile, and 3Centro de Biologia Marinha, Universidade de São Paulo, São Sebastião, Brazil
Abstract
An important component of species diversity which has recently received significant attention is the change in species
composition across space, or beta diversity. Temporal turnover of species is an equally important component of species
diversity, which can by itself account for diversity patterns, but has received much less attention, especially in marine
communities. Indeed, patterns of diversity of marine epifaunal assemblages may be better understood through the study of
variability in richness and composition of recruits that colonize and survive long enough to start a population, but before
species interactions mask the diversity initially settled. Here we document temporal patterns in richness and composition of
recruits of a speciose benthic cnidarian assemblage, contrasting a tropical and a subtropical site to evaluate simple
predictions about latitudinal diversity and richness stability. Recruitment variation was quantified during five three-month
periods at two harbour areas (Pecém at 3°32′S and Ilhabela at 23°46′S) in Brazil separated by 20° latitude. Results show
that: (1) species richness of benthic cnidarian assemblages was higher at the more tropical location, as expected from general
patterns in marine species global distribution; (2) contrary to the expectation of a negative association between richness and
species turnover, temporal turnover of species was similar at both sites, although more seasonal at the higher latitude site;
and (3) species temporal persistence was greater at the subtropical site. Results are discussed in the context of how different
environments and different regional richness may influence temporal patterns in species turnover and local richness, and
how this may vary across latitudes.
Key words: Latitude, sampling, species richness, species temporal distribution, temporal turnover
Introduction
Over ecological timescales, spatial and temporal
variation in local species richness of marine epifaunal
assemblages is determined by factors affecting pro-
pagule arrival from a source within dispersal distance
(‘settlement’), by those affecting their subsequent
survival that culminates in recruitment (metamorph-
osis, and survival until observation; Keough &
Downes 1982), and by those causing mortality of
individuals in the locally established population of
the species (Underwood & Keough 2001; Navarrete
2007). Decades of experimental field studies, mostly
focusing on subsets of common species, have shown
how the latter set of ‘post-recruitment’ processes
can, in many cases, swamp the ‘signal’ of the initial
settlement on local community diversity. However,
many other field studies, mostly those focusing on a
larger number of species, have shown that a spatially
and temporally variable propagule supply can be the
determinant of final community richness and pat-
terns of spatial occupancy and abundance (Suther-
land 1974; Witman et al. 2004; Lee & Bruno 2009;
Freestone & Osman 2011; Palardy & Witman 2011,
2014). Thus, understanding spatio-temporal vari-
ation in local biodiversity, especially when consider-
ing species-rich communities, cannot be complete
without some understanding of patterns of variability
in richness of the recruits that manage to colonize
and survive long enough to start a population, even
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before species interactions become a significant
source of mortality (Navarrete 2007; Palardy & Wit-
man 2014). Indeed, temporal turnover of species is
one important component of beta diversity that
characterizes all natural assemblages of plant, animal,
phytoplankton and protozoan species (Andrushchy-
shyn et al. 2003; Soininen & Eloranta 2004; Bouvy
et al. 2006; Shurin et al. 2007; Korhonen et al. 2010).
In marine systems, oceanographic processes affect
circulation, flow and consequent larval transport and
arrival at the coast (Shanks 1995; Abelson & Denny
1997; Flores et al. 2002; Largier 2003; Narváez et al.
2006; Pineda et al. 2010). Survival during dispersal
is clearly influenced by larval behaviour, physiolo-
gical tolerances, food provision and predation (Mor-
gan 1995; Shanks 1995; Vargas et al. 2006; Storch
et al. 2011). Arriving larvae can select habitats using
different physical and chemical cues, bacterial bio-
films, substrate rugosity or micro-scale water flows
(e.g. Butman et al. 1988; Abelson & Denny 1997;
Jenkins 2005; Hadfield 2011). Physiological stress,
predation, competition and facilitation among set-
tlers will affect survival to recruitment stage (Osman
&Whitlatch 1995; Gosselin & Qian 1997; Porri et al.
2008, Blythe & Pineda 2009). Marked temporal
patterns of larval release are also common among
marine invertebrates, usually following environ-
mental cycles, and they can certainly modulate
settlement patterns (Morgan 1995; Flores et al.
2002; McQuaid & Lawrie 2005; Tapia & Navarrete
2010). All these factors vary significantly over time
and are expected to affect different species in differ-
ent ways (e.g. Pandit & Kolasa 2012), thus modu-
lating turnover rates of species and temporal patterns
of species richness and composition.
The environment’s temporal heterogeneity and
consequent temporal variation in community rich-
ness and composition (‘temporal turnover’: Korho-
nen et al. 2010) is therefore important for
understanding the species composition of any loca-
tion. In aquatic ecosystems there are a handful of
studies of temporal variation in species richness and
composition, including temperate streams (Towns-
end et al. 1987; Boulton et al. 1992; Lancaster et al.
1996; Woodward et al. 2002), lakes (Mengestou
et al. 1991; Sonntag et al. 2006) and marine
planktonic (Modigh & Castaldo 2002; Eskinazi-
Sant’Anna & Björnberg 2006) and infaunal assem-
blages (Carrasco & Moreno 2006; Sitran et al.
2007). Yet, comparatively few studies on benthic
marine systems have quantified temporal patterns of
species richness over short timescales (see Piazzi
et al. 2002; Foster et al. 2003; Wernberg & Goldberg
2008 for exceptions), and hardly any at multiple
locations or comparing patterns across latitudes.
Because the magnitude of environmental
seasonality, especially seawater temperature, varies
between latitudes, with relatively warm summers and
colder winters at higher latitudes (strong seasonality)
and little variation at lower latitudes (weak season-
ality, Longhurst 1998), and as sea surface temperat-
ure (SST) has been associated with species richness
through a variety of mechanisms (Roy et al. 2000;
Valdovinos et al. 2003; Fernández et al. 2009), one
would expect contrasting patterns of temporal spe-
cies turnover and richness across latitudes, at least
within similar assemblages. Using a data set of
zooplankton species composition from 36 different
lakes, Shurin et al. (2007) evaluated the hypothesis
that higher diversity systems were characterized by
lower species turnover (greater temporal stability)
within a given latitude and that the relationship
changed across latitudinal gradients. They found
that at temperate latitudes increased richness was
associated with decreased species turnover within
and among years. However, the turnover of zoo-
plankton species was lower at the less-speciose,
lower-latitude lakes, i.e. the relationship between
richness and turnover varied with latitude. Using a
more extensive data set, Korhonen et al. (2010)
showed that lake assemblages had higher species
turnover than streams and marine systems, and that
species turnover over intra-annual timescales was
faster in the tropics than at higher latitudes. Inter-
estingly, the pattern reversed when considering
interannual variability, with lower species turnover
in the tropics.
Here, we focus on documenting patterns of
temporal turnover of species in recruits of benthic
epifaunal organisms, contrasting a tropical and a
subtropical site. We examine species turnover and
composition of benthic cnidarians, animals that have
diverse life cycles and can disperse at different
stages, from planula or actinula larvae of variable
durations (Sommer 1992; Campos et al. 2012), to
the medusa stage (Gili & Hughes 1995), and buds
and frustules (Gravier-Bonnet 1992; Mizrahi et al.
2014). Their polyps can also be transported by
floating structures, such as algae (Gili & Hughes
1995) and ship hulls (Carlton 1987), which confers
long-distance dispersal capabilities. The Hydrozoa is
by far the most speciose group of benthic cnidarian
of the fouling community in tropical and subtropical
waters (Migotto et al. 2001; Karlson & Osman
2012). A comprehensive list of the hydrozoans of
Brazil includes 348 species, with apparently greater
richness in the southern region, which probably is a
consequence of the greater scientific attention given
to this region (Marques et al. 2003). Hydroids (those
in the subclasses Anthoathecata and Leptothecata;
Collins et al. 2006) are common organisms in hard
substrate communities around the world (Gili &
2 M. O. Fernandez et al.
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Hughes 1995) and may recruit soon after a substrate
becomes available (Migotto et al. 2001) or late
during community succession (Morri & Boero
1986). Thus, cnidarians represent a speciose group
with a variety of dispersal and colonization strategies
at different latitudes, which makes it possible to
assess and compare patterns of species turnover.
Through deployment and replacement of fouling
plates, we quantified patterns of temporal turnover
in cnidarian species and composition in harbour
areas separated by 20° latitude in Brazil – equatorial–
tropical Pecém (3°32′S) and tropical–subtropical
Ilhabela (23°46′S). Because the equatorial site is
characterized by higher and more stable tempera-
tures than the subtropical site, we made three simple
predictions: (1) total richness will be greater at
Pecém, the more tropical location; (2) species tem-
poral turnover will be greater at the higher latitude
and more variable environment of Ilhabela; and (3)
temporal persistence of species will be greater at
Pecém.
Material and methods
Study sites
One of our study sites was located near the equator
at the Pecém Harbour (3°32′S, 38°48′W, hereafter
Pecém), in the state of Ceará, northeastern Brazil
(Figure 1a). The region enjoys a characteristic year-
round equatorial hot climate, with rainy (January–
July) and dry (August–December) seasons (FUN-
CEME 2012). The other study site was located 20
latitudinal degrees south at Ilhabela Yacht Club (23°
46′S, 45°25′W, hereafter Ilhabela) in the São Sebas-
tião channel in subtropical southeastern Brazil
(Figure 1a), near São Sebastião harbour. The
climate in the region is warm-temperate, with war-
mer summers and colder winters.
Sea surface temperatures are distinctly different,
with higher and more stable temperatures year-round
at Ceará and colder and more seasonally variable
temperatures at Ilhabela (Figure 1b). The minimum
temperature observed at Ceará was slightly higher
than the maximum temperature recorded at São
Sebastião in summer months. Surface salinity was
high at both sites (> 35 psu) and slightly higher at
Ceará throughout the year, with a light decrease
during the rainy season (Figure 1c). Sea temperature
and salinity were measured at the surface, and data
correspond to the average of observations collected
between 1955 and 2006 using different sensors,
analysed and compiled in the World Ocean Atlas
2009 on a one-degree latitude–longitude grid (Locar-
nini et al. 2010; Antonov et al. 2010; Schlitzer 2012).
These sites were chosen for ease of accessibility
and logistics (allowing frequent sampling, sample
preservation, avoiding vandalism), as well as repre-
senting a tropical (Pecém) and a subtropical (Ilha-
bela) environment (see Table I for general
characteristics). Together with air and sea surface
temperature, other local environmental conditions
vary somewhat between these sites, such as preced-
ence of water masses, water turbidity, distance from
Figure 1. (a) Sites of the study areas in Brazil. (b) Ranges and
mean (horizontal bar) of monthly mean sea surface temperature
and (c) mean surface salinity for the different sampling periods
(see Data Sampling) at Ceará (for Pecém) and São Sebastião (for
Ilhabela). Sea temperature and salinity data correspond to
measurements at the surface, collected between 1955 and 2006,
obtained from the World Ocean Atlas 2009 (Locarnini et al. 2010;
Antonov et al. 2010).
Temporal turnover of benthic cnidarians 3
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rivers and annual rainfall (Table I), but these might
have relatively minor direct effects on assemblage
richness patterns, especially when compared to
broader-scale factors, such as temperature, climate
and regional richness. Both sites are surrounded by
natural habitats and at least for cnidarian assem-
blages, this is indicated by the rarity of exotic
cnidarian species (Rocha et al. 2013).
Quantifying recruitment richness and structure
To characterize the patterns of arrival of species over
time, we used artificial substrate panels made of two
polyethylene plates (12 × 12 cm each) separated by a
2 cm long PVC tube that left a gap between plates in
the form of a ‘sandwich’. The panels therefore
provided two sheltered (within the gap) and two
exposed surfaces. Recruitment panels were sus-
pended under a floating pier at Ilhabela (~2 m
depth), and between pier columns at Pecém (~4 m
depth at low tide). Over 15 months (November
2010–February 2012), 15 replicate panels 5–20 m
from each other were submerged and replaced with
new panels every three months at each study site
(Table SI, supplementary material). Five different
time intervals were then obtained, totalling 75
samples for each site (Table II). Cnidarian species
were identified on all surfaces of each sample. Only
organisms identified to species-level and those char-
acterized as distinct morphotypes were included in
analyses.
Statistical analyses
To provide estimates of species richness for each
period and for the entire duration of the study, we
used the Jackknife2 estimator based on the 15 repli-
cates per period or the 75 panels for the study. This
estimator considers the frequency of occurrence of
rare species in the total richness estimates (Colwell &
Coddington 1994). Sample-based rarefaction curves
were calculated by permutation (Gotelli & Colwell
2001) in PRIMER v. 6 (Clarke & Gorley 2006).
To characterize temporal patterns of species rich-
ness and evaluate the contribution of temporal
variability (temporal turnover) to total species rich-
ness we calculated for each site: (1) the proportion
of the total number of species observed over the 15
months of study that was present in any single three-
month period, and (2) the proportion of species
turnover between consecutive periods. Additionally,
the proportion of species turnover was calculated
separately for species unique to each site and for
species shared between sites, allowing us to deter-
mine whether the patterns were species-specific or
site-specific. We calculated turnover as the number
of species that do not overlap between temporally
consecutive periods (e.g. Anderson et al. 2011).
Significant differences between sites and between
unique and shared species for each site were esti-
mated by bootstrapping using 10,000 repetitions to
test if the average of the turnover values was different
between sites. These analyses were carried out in R
(R Core Team 2012).
To quantify the temporal persistence we calcu-
lated the number of times (periods) a species was
observed on at least one panel out of the five obser-
vation periods. To provide an estimate of relative
population abundance, we calculated the number of
Table I. Local environmental conditions at the study sites.
Pecém Ilhabela
Depth ~4 m at low tide ~2 m
Main currentsa North Brazil Current Coastal Water and South Atlantic Central Water
Exposure Breakwater present Breakwater present
Water turbidity Moderate to high Low
Distance to closest river 18 km 8 km
Mean air temperature (AT) 26.4°C 21.5°C
Maximum monthly mean AT 30.8°C 28.7°C
Minimum monthly mean AT 21.6°C 12.2°C
Annual rainfall (mean)b 1100 mm 1550 mm
aSilveira et al. 1994 and Castro et al. 2008; bNational Water Agency (ANA), 1961–2007.
Table II. Experimental design of the study, showing number of
replicates per site, periods of panel submersion, and time interval
of panel submersion at Pecém Harbour (3°32′S) and Ilhabela
Yacht Club (23°46′S).
Replicates
per site
Period (submersion –
retrieval)
Time
interval
Pecém and
Ilhabela
15 Nov 10–Feb 11 3 months
15 Feb 11–May 11 3 months
15 May 11–Aug 11 3 months
15 Aug 11–Nov 11 3 months
15 Nov 11–Feb 12 3 months
Total 75 15 months
4 M. O. Fernandez et al.
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panels on which a species was observed, for each
period, out of the total number of replicate panels.
This measure of local population abundance (occur-
rence on different panels) is therefore only a proxy
for the number of individuals, but previous studies at
Ilhabela show it correlates well with individual-based
counts on plates (Fernandez et al. 2014; Marina
Fernandez 2014, personal observation). We then
evaluated whether temporal persistence was asso-
ciated with local abundance using bivariate scatter-
plots and determined whether the bivariate space
formed by these variables was non-random using
EcoSim v. 7.71 (Gotelli & Entsminger 2012). Fol-
lowing Hanski (1982), species were categorized as
‘core’ when they were present in all periods and on
80–100% of the panels, as ‘satellite’ when present in
all periods but at low abundance (occupancy ≤ 20%
of all panels), or ‘rare’ when found in only one
period and with spatial occupancy ≤ 10%. Cutoff
values were set for convenience, as there are no
conventional values to be assumed.
To evaluate whether the structure (richness and
composition) of the cnidarian assemblages varied
over time, we compared them between periods,
within each site, using permutation multivariate
analyses of variance (PERMANOVA; Anderson
2001) based on 9999 unrestricted permutations of
raw data for each site, considering the factor ‘Time’ as
random. To visualize any pattern of aggregation or
gradual change of samples from different periods, we
plotted two-dimensional nMDS (non-metric multi-
dimensional scaling; Clarke 1993) of the five periods
for each site. Samples without species from Ilhabela
were removed from nMDS ordinations. To better
visualize differences between periods, we plotted
nMDS based on the distances among centroids,
calculated using principal coordinate axes from
Bray–Curtis similarities for assemblages from each
site (Anderson et al. 2008). To identify subsets of
species that contributed most to the nMDS patterns
we used BVSTEP analysis (Clarke & Warwick 2001;
Clarke & Gorley 2006), a stepwise procedure that
considers the smallest subset of species whose simil-
arity matrix has a minimum of 0.95 Spearman rank
correlation with the original similarity matrix. All
multivariate analyses were carried out in PRIMER
v. 6 (Clarke & Gorley 2006) and PERMANOVA
v. 1.0.5 (Anderson et al. 2008) using Bray–Curtis
similarities for presence–absence data.
Results
Species richness
During the course of the study we recorded a total of
42 cnidarian species/morphotypes at Pecém and only
26 at Ilhabela (see Tables SII and SIII, supplement-
ary material, for complete lists). A total of 14 species
were shared between these sites (Tables SII and
SIII, supplementary material). Despite the compara-
tively large sample size (75 panels), rarefaction
curves did not saturate at either site and, therefore,
estimates for total species richness must be taken
with caution. Ilhabela’s rarefaction curve was closer
to reaching an asymptote than Pecém’s (Figure 2a),
and the Jackknife estimator estimated a total of 56
species at Pecém, significantly higher (Bootstrap,
P = 0.0046, Figure 2b) than the 29 species estimated
for Ilhabela.
Spatial and temporal variation in recruitment
Between 52% and up to 80% of the total number of
species recorded during the study were observed in a
single three-month sampling period, with no signi-
ficant differences between sites (Bootstrap, P =
0.0628; Figure 3a). Similarly, temporal turnover of
species (Figure 3b) was similar at the two sites
(Bootstrap, P = 0.30), although Ilhabela exhibited
increased species turnover from May to August
2011, and turnover at Pecém was more temporally
constant.
Turnover for shared and site-exclusive species was
similar in Ilhabela (Bootstrap, P = 0.2158), while at
Pecém, turnover for site-exclusive species was
Figure 2. Species richness in Pecém and Ilhabela after 15 months of sampling. (a) Sample-based rarefaction curves and estimated species
richness (indicated by *). (b) Estimated species richness in each sampled period.
Temporal turnover of benthic cnidarians 5
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significantly greater than that for shared species
(Bootstrap, P = 0.0382, Figure 3c,d). Although at
both sites the distribution of temporal persistence
was bimodal (Figure 4a), temporal persistence of
species was higher at Ilhabela, with 42% of the total
number of species present in all time periods, as
compared to only 29% of the species present at all
times at Pecém (Figure 4a).
The relationship between temporal frequency and
abundance (as estimated from occupancy of plates)
showed that species with low temporal frequency
have generally low occupancy, but species with high
temporal frequency may have either low or high
occupancy of the plates (for both, Pecém, P =
0.0002, and Ilhabela, P = 0.0009, 10,000 iterations,
Figure 4b,c). Species classified as ‘core’ species at
Pecém (Bimeria vestita Wright, 1859, Stragulum
bicolor van Ofwegen & Haddad, 2011) were different
from those at Ilhabela (Obelia dichotoma (Linnaeus,
1758), O. bidentata Clark, 1875). ‘Satellite’ species
were also different (Pecém: Cladocoryne floccosa
Rotch, 1871, Plumularia cf. strictocarpa Pictet, 1893;
Ilhabela: Filellum sp., Turritopsis nutricula McCrady,
1857). The number of ‘rare’ species was nine at
Pecém and three at Ilhabela (Tables SII and
SIII, supplementary material).
The structures (richness and composition) of cni-
darian assemblages were different among time periods
for both Pecém (PERMANOVA, Pseudo-F = 7.3755,
P(perm) = 0.0001) and Ilhabela (PERMANOVA,
Pseudo-F = 7.0388, P(perm) = 0.0001). Sample
structure overlaps for different periods at both sites
(nMDS ordination, Figure 5), and showed no clear
contrast between periods both at Pecém and Ilhabela.
A subset of 20 species (48% of the total) explained
nMDS temporal patterns with 0.954 correlation at
Pecém, while 13 species (50% of the total) explained
temporal patterns with 0.957 correlation at Ilhabela
(Table III).
Discussion
Species richness
Despite previous descriptions of higher regional
cnidarian richness in subtropical than tropical Brazil,
probably due to previous unequal sampling effort in
each region (Marques et al. 2003), subtropical
Ilhabela had fewer species of benthic cnidarians
than equatorial Pecém, as predicted by theories of
latitudinal gradients and global patterns of marine
invertebrate species diversity (Stehli & Wells 1971;
Roy et al. 1998, 2000; Macpherson 2002; Hilleb-
rand 2004a,b; Cairns 2007; but see Clarke 1992 and
Fautin et al. 2013 for exceptions). Both observed
and predicted cnidarian richness were greater at
Pecém than Ilhabela. In fact, the rarefaction curve
was far from reaching an asymptote at Pecém,
which: (1) makes it difficult to estimate total species
richness for this site, and (2) suggests the commun-
ity is underestimated in comparison to Ilhabela.
Figure 3. (a) Proportion of total species richness for each period. (b) Proportion of species turnover between periods of the total species
richness. (c) Proportion of species turnover of shared species. (d) Proportion of species turnover of site-exclusive species from Pecém and
Ilhabela (Brazil).
6 M. O. Fernandez et al.
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Spatial and temporal variation in cnidarian recruitment
Contrary to our expectations, temporal turnover
across the study period was the same for tropical
Pecém and subtropical Ilhabela, and does not sup-
port the hypothesis of lower temporal variability in
tropical latitudes due to a more homogeneous cli-
mate (although more species are available at Pecém).
However, while temporal turnover in Pecém was
generally constant throughout the year, in Ilhabela
the turnover rate was more seasonal, with a large
replacement of species in the transition from warmer
to colder months (Figure 1). The hypothesis of a
greater temporal persistence of species at Pecém, the
more tropical location, was also rejected, as persist-
ence was greater at Ilhabela. Unfortunately, our
study was too short in duration to properly evaluate
interannual variability, but a two-year study at Ilha-
bela found a similar turnover of species between
years, and patterns of species persistence held within
both years encompassed by that study (Fernandez
et al. 2014).
Our results contrast with recent studies that
examined variation in species turnover across lati-
tudes. The study by Shurin et al. (2007) showed
faster zooplankton turnover rates at lower latitude
lakes than at the less-speciose higher latitudes. The
comprehensive meta-analysis by Korhonen et al.
(2010) also found increased turnover rates at low
latitudes over intra-annual timescales. In our study,
and despite great differences in species richness,
cnidarian species showed moderate and similar
turnover rates at both latitudes studied, although
rates were slightly more variable through the year
(seasonal) at higher latitudes. It is possible that
variation in environmental conditions across the 20
degrees of latitude was not sufficiently large to pro-
duce a strong latitudinal trend. Apart from the
significant differences in mean SST throughout
the year, the seasonal signal of SST was stronger at
the higher latitude, but salinity was higher and more
seasonally variable at the lower latitude. These
differences drive several other environmental vari-
ables, such as water turbidity and productivity, and
are typically associated with changes in species
composition (Boero 1994). It is also possible that
the study sites represented ‘unusual’ locations in
terms of species dynamics, for each of the regions,
but we have no indication that that could be the
case. Moreover, authors use different measures of
turnover, weighting different aspects of the assem-
blages – some account for the presence of different
species among samples, others consider species
relative abundance or taxonomic relationship, and
others use multivariate measures based on resemb-
lance or dissimilarity – which makes it difficult to
make comparisons between studies (Adler et al.
2005; Anderson et al. 2011). Thus, further studies
with the same method at an increasing number of
sites and a larger latitudinal scope to include tem-
perate zones will be needed to further evaluate the
relationship between species turnover, species rich-
ness and latitude in this assemblage.
Despite the difference in species richness between
sites, the proportion of species in each time period in
relation to the number of species recorded during
the study was the same for both sites. This means
that the true proportion of species from the regional
Figure 4. Species temporal persistence and frequency on plates
from Pecém and Ilhabela (Brazil). (a) Percentage of species in one
(20%), two (40%), three (60%), four (80%) or ﬁve (100%)
periods. (b) Correlation between temporal frequency and fre-
quency on plates at Pecém. (c) Correlation between temporal
frequency and frequency on plates at Ilhabela. Core species are
indicated by red, satellite species by green and rare species
by blue.
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pool that were present on a given plate and at a given
time must be much higher at Ilhabella than at
Pecém. Increased ‘regionalization’ of local commu-
nities at higher latitudes (greater proportion of spe-
cies from the regional pool found at the local scale)
has been documented before in benthic communit-
ies along a latitudinal gradient in the Northern
Hemisphere (Freestone & Osman 2011) and glob-
ally (Witman et al. 2004) and attributed to latitud-
inal changes in the relative importance of local
ecological interactions versus regional-scale pro-
cesses (Witman et al. 2004; Harrison & Cornell
2008; Freestone & Osman 2011). In our study, for
each sampling period we observed the same
proportion of the total number of species recorded
for each site. If this observed number of species
throughout the experiment is used as an estimate of
the ‘regional’ species pool (see Rivadeneira et al.
(2002) and Freestone & Osman (2011) for a similar
approach but over space), we may say that the
proportion of species from the ‘regional’ pool found
in each period was the same at both locations,
concluding a similar level of regionalization in trop-
ical and subtropical cnidarian assemblages. Now, if
we considered either the estimated total species
richness for each region using our sample data
(which underestimates total richness at Pecém), or
geographic richness from literature compilations
Figure 5. Comparison of cnidarian assemblages between Pecém and Ilhabela (Brazil) based on nMDS between sample periods (green
triangle = February 2011, blue inverted triangle = May 2011, light blue square = August 2011, red diamond = November 2011, magenta
circle = February 2012).
Table III. BVSTEP results on the smallest subsets of species/morphospecies generating the temporal patterns in the
nMDS for Pecém and Ilhabela (Brazil). Species in bold are those shared by both sites.
Pecém Ilhabela
Bimeria vestita Wright, 1859 Bimeria vestita Wright, 1859
Clytia cf. gracilis (M. Sars, 1851) Clytia cf. gracilis (M. Sars, 1851)
Halopteris alternata (Nutting, 1900) Halopteris alternata (Nutting, 1900)
Lafoeina amirantensis (Millard & Bouillon, 1973) Lafoeina amirantensis (Millard & Bouillon, 1973)
Obelia bidentata Clark, 1875 Obelia bidentata Clark, 1875
Obelia dichotoma (Linnaeus, 1758) Obelia dichotoma (Linnaeus, 1758)
Turritopsis nutricula McCrady, 1857 Turritopsis nutricula McCrady, 1857
Antennella spp.a Ectopleura crocea (L. Agassiz, 1862)
Bougainvillia sp.1 Bougainvillia muscus (Allman, 1863)
Bougainvillia sp.2 Clytia linearis (Thornely, 1900)
Cladocoryne floccosa Rotch, 1871 Eudendrium caraiuru Marques & Oliveira, 2003
Corydendrium parasiticum (Linnaeus, 1767) Halecium bermudense Congdon, 1907
Eudendrium carneum Clarke, 1882 Sertularella tenella (Alder, 1856)
Filellum serratum (Clarke, 1879)
Macrorhynchia philippina Kirchenpauer, 1872
Mitrocomium cirratum Haeckel, 1879
Nemalecium lighti (Hargitt, 1924)
Octocorallia indet.1
Octocorallia indet.2
Stragulum bicolor van Ofwegen & Haddad, 2011
aA. secundaria and A. siliquosa.
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(e.g. Rivadeneira et al. 2002; Witman et al. 2004),
then the proportion of species from the regional pool
observed in any given period was much greater at
Ilhabela, suggesting increased regionalization at
higher latitudes. Thus, conclusions about levels of
regionalization can vary depending on how we define
and on how well we estimate the ‘regional species
pool’. Therefore, more attention needs to be paid to
the inevitable effects of changes in effective sample
size at different latitudes, i.e. the same number of
replicates would most likely sample a lower propor-
tion of the total species pool at more speciose
regions. Inferences about the mechanisms underly-
ing variation in regionalization across latitudes must
also be considered with caution. For instance,
Shimadzu et al. (2013) proposed that species tem-
poral turnover might reduce species interspecific
competition, allowing species coexistence in space
by segregating in time. However, in our case,
patterns of species turnover are probably largely
dominated by processes driving settlement and
initial interactions, before the onset of interspecific
competition.
Interestingly, at tropical Pecém, temporal turnover
was lower for species shared by both sites than for
site-exclusive species. Although species have popula-
tions that may vary by habitat (Koumoundouros
et al. 2001; Kappes & Sinsch 2002), leading to
intraspecific variation in eco-physiologies, this may
demonstrate that species with a wider geographical
distribution also have a wider temporal distribution,
i.e. there may be a correlation between geographical
and temporal distribution, in agreement with Rapo-
port’s rule (Stevens 1989). That is, greater environ-
mental tolerance of species should be associated with
greater latitudinal distribution of those species.
Nevertheless, the same pattern was not observed at
Ilhabela, where site-specific and shared species had
similar turnover rates.
To find species at both sites implies that either
they are widely distributed geographically, or that
they are only found at the two sites and not in
between. If the latter, this suggests the introduction
of some species in one or both harbours and if so,
the temporal structure of the communities could be
influenced by anthropogenic activities (Bertness
1984; Reise et al. 1999; Wallentinus & Nyberg
2007). However, of the species recorded in this
study, only Stragulum bicolor van Ofwegen & Had-
dad, 2011 is reported in the literature as introduced
(van Ofwegen & Haddad 2011). Further studies
identifying native and exotic species will allow
addressing of the temporal changes of introduced
species and their roles in community structure,
providing a better understanding of the influence of
human-mediated activities in global and temporal
distributions of species in natural habitats (Steneck
& Carlton 2001).
At Ilhabela, community composition may change
seasonally, following variation in temperature, but
community structure variation also occurs over the
scale of years at all sites (Sutherland & Karlson
1977) and we recognize that our comparative ana-
lysis was restricted to just 15 months. Better temporal
samplings, as well as the addition of comparative
studies of other taxa, and at different latitudes with
more pronounced seasonality, may significantly
extend and further test the patterns reported here.
However, our results do illustrate the importance of
generating a temporal series of species composition
at a given site to improve assessments of local
richness (Magurran 2008) and to better interpret
spatial variability in richness, i.e. beta diversity, and
in the geographic distribution of species (Magur-
ran 2007).
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